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1
MULTI-LAYERED CERAMIC ELECTRONIC
COMPONENT AND MANUFACTURING
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION(S)

The present application is the continuation application of
U.S. patent application Ser. No. 16/680,995 filed on Nov. 12,
2019, which claims the benefit of priority to Korean Patent
Application No. 10-2019-0088300 filed on Jul. 22, 2019 in
the Korean Intellectual Property Office, the entire disclo-
sures of which are incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a multilayer ceramic
electronic component, and more particularly, to a multilayer
ceramic electronic component having excellent reliability
and a manufacturing method thereof.

BACKGROUND

Generally, electronic components using ceramic materials
such as capacitors, inductors, piezoelectric devices, varis-
tors, thermistors, or the like, may include a ceramic body
formed of a ceramic material, internal electrodes formed
inside the ceramic body, and external electrodes installed on
a surface of the ceramic body so as to be connected to the
internal electrodes.

Among multilayer ceramic electronic components, a mul-
tilayer ceramic capacitor includes a plurality of stacked
dielectric layers, internal electrodes disposed to oppose each
other with a dielectric layer interposed therebetween, and
external electrodes electrically connected to the internal
electrodes.

Multilayer ceramic capacitors are widely used as compo-
nents of mobile communication devices such as computers,
PDAs, and mobile phones due to their small size, high
capacity, and ease of mounting.

In recent years, due to high performance and the lightness
and smallness of electronic device industries, the miniatur-
ization, high performance, and high capacity of electronic
components are also required.

In particular, a method of simultaneously achieving small
size, high performance, and high capacity is to laminate a
large number of layers by reducing the thicknesses of the
dielectric layer and the internal electrode layer of the mul-
tilayer ceramic capacitor. At present, the thickness of the
dielectric layer has reached a level of about 0.6 um, and
thinning continues.

Therefore, although a contact ratio of an interface
between the internal electrode and the dielectric continues to
increase, there may be a problem in that a region in which
metal and ceramic are bonded has a low bonding force and
thus is vulnerable to delamination and cracking.

The delamination and cracking lead to deterioration of
moisture resistance reliability of the multilayer ceramic
capacitor, and thus, a new method for securing high reli-
ability in terms of materials or structures to solve such
problems.

The information included in this Background section is
only for enhancement of understanding of the general back-
ground of the present disclosure and may not be taken as an
acknowledgement or any form of suggestion that this infor-
mation forms the prior art already known to a person skilled
in the art.

15

20

25

30

40

45

50

2
SUMMARY

The present disclosure relates to a multilayer ceramic
electronic component and a manufacturing method thereof,
and more particularly, relates to a multilayer ceramic elec-
tronic component and a manufacturing method thereof hav-
ing excellent reliability.

According to an aspect of the present disclosure, a mul-
tilayer ceramic electronic component includes a ceramic
body including first and second internal electrodes disposed
to face each other and a dielectric layer interposed therebe-
tween, wherein, when an average thickness of the dielectric
layer is denoted as ‘td,” an average thickness of the first and
second internal electrodes is denoted as ‘te,” and a standard
deviation of thicknesses of an internal electrode, measured
at a plurality of points in a predetermined region of the
internal electrode, is denoted as ‘ote,’ a ratio of the standard
deviation of thicknesses of the internal electrode to the
average thickness of the dielectric layer, which is denoted as
‘ote/td,” satisfies 0.12=cte/td=<0.21.

According to another aspect of the present disclosure, a
manufacturing method of a multilayer ceramic electronic
component includes steps of: preparing ceramic green sheets
each containing ceramic powder; forming an internal elec-
trode pattern with a conductive paste, containing conductive
metal particles, and an additive on each ceramic green sheet;
stacking the ceramic green sheets, on each of which the
internal electrode pattern is formed, to form a ceramic
laminate; and firing the ceramic laminate to form a ceramic
body, which includes at least one dielectric layer and at least
one internal electrode. When an average thickness of the at
least one dielectric layer is denoted as ‘td,” an average
thickness of the at least one internal electrode is denoted as
‘te,” and a standard deviation of thicknesses of an internal
electrode, measured at a plurality of points in a predeter-
mined region of the internal electrode, is denoted as ‘ote,” a
ratio of the standard deviation of thicknesses of the internal
electrode to the average thickness of the dielectric layer,
which is denoted as ‘ote/td,” satisfies 0.12=cte/td=<0.21.

BRIEF DESCRIPTION OF DRAWINGS

The above and other aspects, features, and advantages of
the present disclosure will be more clearly understood from
the following detailed description taken in conjunction with
the accompanying drawings, in which:

FIG. 1 is a schematic perspective view illustrating a
multilayer ceramic capacitor according to an exemplary
embodiment of the present disclosure;

FIG. 2 is a schematic cross-sectional view illustrating a
multilayer ceramic capacitor taken along line I-I' of FIG. 1;
FIG. 3 is an enlarged view of region A of FIG. 2; and

FIG. 4 is an enlarged view of region B of FIG. 3.

DETAILED DESCRIPTION

Hereinafter, exemplary embodiments of the present dis-
closure will now be described in detail with reference to the
accompanying drawings. The present disclosure may, how-
ever, be exemplified in many different forms and should not
be construed as being limited to the specific embodiments
set forth herein. Rather, these embodiments are provided so
that this disclosure will be thorough and complete, and will
fully convey the scope of the disclosure to those skilled in
the art. In the drawings, the shapes and dimensions of
elements may be exaggerated for clarity. Further, in the
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drawings, elements having the same functions within the
same scope of the inventive concept will be designated by
the same reference numerals.

An embodiment of the present disclosure relates to a
ceramic electronic component. The electronic component
using the ceramic material includes a capacitor, an inductor,
a piezoelectric element, a varistor, a thermistor, or the like.
Hereinafter, a multilayer ceramic capacitor will be described
as an example of the ceramic electronic component.

FIG. 1 is a schematic perspective view illustrating a
multilayer ceramic capacitor according to an exemplary
embodiment of the present disclosure.

FIG. 2 is a schematic cross-sectional view illustrating a
multilayer ceramic capacitor taken along line I-I' of FIG. 1.

FIG. 3 is an enlarged view of region A of FIG. 2.

FIG. 4 is an enlarged view of region B of FIG. 3.

Referring to FIGS. 1 to 4, a multilayer ceramic capacitor
according to an exemplary embodiment of the present
disclosure may include a ceramic body 110, which includes
internal electrodes 121 and 122 arranged inside the ceramic
body, and external electrodes 131 and 132 arranged outside
of the ceramic body 110.

In the multilayer ceramic capacitor according to an exem-
plary embodiment of the present disclosure, a ‘length direc-
tion’ may be defined as a ‘L.’ direction, a ‘width direction’
may be defined as a ‘W’ direction, and a ‘thickness direc-
tion’ may be defined as ‘T’ direction, of FIG. 1. The
‘thickness direction’ may be used to have the same concept
as a direction in which dielectric layers are stacked, that is,
a ‘stacking direction’.

The ceramic body 110 is not particularly limited in shape,
but the ceramic body 110 may have a hexahedral shape
according to an exemplary embodiment of the present
disclosure.

The ceramic body 110 may be formed by laminating a
plurality of dielectric layers 111.

The plurality of dielectric layers 111 constituting the
ceramic body 110 are in a sintered state, and the dielectric
layers 111 may be integrated with each other such that it may
be difficult to identify boundaries between adjacent dielec-
tric layers 111 with the naked eye.

The dielectric layer 111 may be formed by sintering a
ceramic green sheet including ceramic powder.

The ceramic powder is not particularly limited as long as
it is generally used in the art.

Although not limited thereto, the ceramic powder may
include BaTiO,-based ceramic powder.

The BaTiO;-based ceramic powder is not limited thereto,
and the BaTiO;-based ceramic powder may be, for example,
(Ba, ,Ca)TiO;, Ba(Ti, Ca)0;, (Ba, Ca)(Ti, 7Zr )0,
Ba(Ti, ,Zr )O;, or the like, in which Ca, Zr, or the like is
partially dissolved in BaTiO,.

In addition, the ceramic green sheet may include a tran-
sition metal, a rare earth element, Mg, and Al together with
the ceramic powder.

The thickness of the dielectric layer 111 may be appro-
priately changed according to capacitance design of the
multilayer ceramic capacitor.

Although not limited thereto, for example, the thickness
of the dielectric layer 111 formed between two adjacent
internal electrode layers after sintering may be 0.4 um or
less.

In an exemplary embodiment of the present disclosure,
the thickness of the dielectric layer 111 may mean an
average thickness.
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The average thickness of the dielectric layer 111 is an
average thickness of the ceramic body 110 in length-thick-
ness (L-T) direction cross-section cut in a central portion in
a width W direction thereof.

The average thickness of the dielectric layer 111 may be
measured by scanning an image of the ceramic body 110 in
the length direction cross-section with a scanning electron
microscope (SEM), as illustrated in FIG. 2.

For example, with regard to an arbitrary dielectric layer
extracted from the image obtained by scanning the length-
thickness (L-T) direction cross-section of the ceramic body
110 cut in a central portion in the width W direction thereof
with a scanning electron microscope (SEM), an average
value of the dielectric layer may be measured by measuring
the thickness thereof at 30 points having equal intervals in
the length direction.

The 30 points having equal intervals may be measured at
the capacitance formation portion, meaning a region in
which the internal electrodes 121 and 122 overlap each
other.

In addition, when the average value is measured by
extending an average value measurement to 10 or more
dielectric layers, an average thickness of the dielectric layer
may be further generalized.

Internal electrodes 121 and 122 may be disposed inside
the ceramic body 110.

The internal electrodes 121 and 122 may be formed and
stacked on the ceramic green sheet, and may be formed in
the ceramic body 110 with one dielectric layer interposed
therebetween by sintering.

The internal electrode may be paired with the first internal
electrode 121 and the second internal electrode 122, having
different polarities, and may be disposed to oppose each
other in a stacking direction of the dielectric layer.

As illustrated in FIG. 2, ends of the first and second
internal electrodes 121 and 122 may be alternately exposed
to one surface of the ceramic body 110 in the length
direction.

In addition, although not illustrated, according to an
exemplary embodiment of the present disclosure, the first
and second internal electrodes may have lead portions, and
may be exposed to the same surface of the ceramic body
through the lead portions. Alternately, the first and second
internal electrodes may have lead portions, and may be
exposed to one or more surfaces of the ceramic body through
the lead portions.

Thicknesses of the first and second internal electrodes 121
and 122 are not particularly limited, but may be, for
example, 0.41 um or less.

According to an exemplary embodiment of the present
disclosure, more than 200 dielectric layers having internal
electrodes formed thereon may be stacked.

According to an exemplary embodiment of the present
disclosure, when the thicknesses of the first and second
internal electrodes 121 and 122 are 0.41 pum or less, moisture
resistance reliability may be improved, and in the case of
thin-film internal electrodes, a characteristic configuration
having excellent withstand voltage characteristics may be
proposed. When the thicknesses of the first and second
internal electrodes 121 and 122 exceed 0.41 um, the capacity
problem and the reliability deterioration may not occur, even
if the characteristic configuration of the present disclosure is
not applied.

That is, the characteristic configuration of the present
disclosure described below may be applied to improve
reliability when the thicknesses of the first and second
internal electrodes 121 and 122 are 0.41 pm or less.
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The average thickness of the first and second internal
electrodes 121 and 122 are average thickness in the cross-
section of the length-thickness (L.-T) direction cross-section
of the ceramic body 110 cut in a central portion in the width
W direction thereof.

According to an exemplary embodiment of the present
disclosure, external electrodes 131 and 132 may be formed
outside of the ceramic body 110, and the external electrodes
131 and 132 may be electrically connected to the internal
electrodes 121 and 122.

More specifically, the external electrodes 131 and 132
may be configured as the first external electrode 131 elec-
trically connected to the first internal electrode 121 exposed
to one surface of the ceramic body 110 and the second
external electrode 132 electrically connected to the second
internal electrode 122 exposed to the other surface of the
ceramic body 110.

In addition, a plurality of external electrodes to be con-
nected to the first and second internal electrodes exposed to
the ceramic body may be formed.

The external electrodes 131 and 132 may be formed of a
conductive paste containing metal powder.

The metal powder contained in the conductive paste is not
particularly limited, and may be, for example, Ni, Cu, or
alloys thereof.

The thicknesses of the external electrodes 131 and 132
may be appropriately determined depending on a purpose, or
the like, for example, may be in a range of, for example, 10
um to 50 pum.

Referring to FIGS. 3 and 4, in a multilayer ceramic
electronic component according to an exemplary embodi-
ment of the present disclosure, when an average thickness of
the dielectric layer 111 is td, an average thickness of the first
and second internal electrodes 121 and 122 is te, a standard
deviation of thicknesses of an internal electrode of the first
and second internal electrodes 121 and 122, measured at a
plurality of points in a predetermined region of the internal
electrode, is denoted as ‘ote,” a ratio of the standard devia-
tion of thicknesses of the internal electrode to the average
thickness of the dielectric layer 111, which is denoted as
‘ote/td,” satisfies 0.12=ote/td<0.21.

In recent years, in high-capacity, highly-stacked multi-
layer ceramic capacitors, most of the moisture resistance
reliability deterioration are mainly caused by delamination
and cracking due to weakening of the bonding force between
the metal and the ceramic at an interface between the
internal electrode and the dielectric.

In order to solve the problem of deterioration in moisture
resistance reliability of the multilayer ceramic capacitor, it is
necessary to increase an interfacial bonding force between
the internal electrode and the dielectric. To this end, when an
interfacial bonding area is increased, the problem of dete-
rioration in moisture resistance may be solved.

In addition, it is possible to increase the interfacial bond-
ing are between the internal electrode and the dielectric by
finely adjusting roughness of the internal electrode.

However, if a roughness profile of the internal electrode
is excessively adjusted, a side effect of reducing withstand
voltage characteristics of the multilayer ceramic capacitor
may occur. Therefore, it is necessary to appropriately adjust
roughness of the internal electrode for to improve the
withstand voltage in addition to improving the moisture
resistance reliability.

According to an exemplary embodiment of the present
disclosure, the ratio (ote/td) of the standard deviation of
thicknesses of the internal electrodes 121 and 122 to the
thickness of the dielectric layer 111 is adjusted to satisfy
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0.12=ote/td=<0.21. Thus, moisture resistance reliability may
be improved by increasing the chip strength, and a multi-
layer ceramic electronic component having excellent with-
stand voltage characteristics may be realized.

When the ratio (ote/td) of the standard deviation of
thicknesses of the internal electrodes 121 and 122 to the
thickness of the dielectric layer 111 is less than 0.12, the
withstand voltage characteristics are excellent, but deterio-
ration in moisture resistance reliability as the chip strength
is lowered, may be a problem.

Meanwhile, when the ratio (ote/td) of the thickness of
each position of the internal electrodes 121 and 122 to the
thickness of the dielectric layer 111 exceeds 0.21, the chip
strength is high and the moisture resistance reliability is not
a problem, but the withstand voltage characteristics are
lowered, which may cause reliability problems.

The thicknesses for the ote are measured in at least points
of the predetermined region of the internal electrode, having
a size of 20 umx14 pm, in a length-thickness direction (L-T)
cross-section of the ceramic body 110, and the at least 10
points have intervals of 10 nm or less.

Specifically, the standard deviation ote of thicknesses of
the internal electrodes 121 and 122 may be measured by
scanning an image of a length-thickness direction cross-
section of the ceramic body 110 with a scanning electron
microscope(SEM), as shown in FIG. 2.

For example, as shown in FIG. 2, with regard to one
internal electrode 121 extracted from an image obtained by
scanning the length-thickness (L-T) direction cross-section
cut in a central portion of the ceramic body 110 in the width
W direction with a scanning electron microscope (SEM), an
average value may be calculated by measuring the thick-
nesses t, to t,, thereof at 10 points having equal intervals in
the length direction.

The equal interval may be measured by measuring the
thicknesses t, to t,, thereof at 10 points at intervals (d) of 10
nm or less, and may be measured in the capacitance forma-
tion portion, meaning a region in which the internal elec-
trodes 121 and 122 overlap each other.

In an exemplary embodiment of the present disclosure,
with regard to one internal electrode 121, the interval having
equal intervals (d) is 10 nm, and the thicknesses t, to t,, were
measured at 10 points, but the present disclosure is not
limited thereto. The equal interval may be 10 nm or less, and
the thickness of each position of the internal electrode may
be measured at 10 or more points.

Next, in order to obtain the standard deviation (ote) of
thicknesses of the internal electrodes 121 and 122, variance
may be obtained by subtracting the average value to of the
respective thicknesses t; to t,;, measured at 10 points of the
one internal electrode 121 and the thickness of the internal
electrode and then squared, and calculating the average
value of these values.

Finally, the standard deviation (ote) of the thicknesses t,
to t;,, measured at 10 points of the one internal electrode 121
may be calculated by performing a square root of the
variance value.

The standard deviation ote of the thicknesses t; to t;, of
the internal electrodes 121 and 122 is an index indicating an
extent to which the respective thicknesses of the internal
electrodes are separated from the average thickness of the
internal electrodes as described above, and it is different
from Ra, so-called an average roughness at a center line.

That is, Ra, which is the average roughness of a center
line, is a value obtained by dividing the sum of areas of
difference parts by a surface roughness based on a virtual
center line in an actual shape of one interface of the internal
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electrode by a predetermined length, and it has a definition
different from the standard deviation of thicknesses of the
internal electrode according to an exemplary embodiment of
the present disclosure, and there is a difference in the
measured values.

According to an exemplary embodiment of the present
disclosure, by appropriately adjusting the standard deviation
of thicknesses of the internal electrode, it is possible to
prevent deterioration in moisture resistance reliability and to
improve withstand voltage characteristics.

That is, by finely adjusting the roughness of the internal
electrode, the interfacial bonding area between the internal
electrode and the dielectric may be increased, and the
roughness of the internal electrode may not be excessively
increased, thereby improving the withstand voltage charac-
teristics of the multilayer ceramic capacitor.

A multilayer ceramic capacitor 100 according to an exem-
plary embodiment of the present disclosure is an ultra
compact-sized high-capacity product, and the thickness of
the dielectric layer 111 may be 0.4 um or less, and the
thicknesses of the first and second internal electrodes 121
and 122 may be 0.41 pm or less, but is not necessarily
limited thereto.

That is, since the multilayer ceramic capacitor 100
according to the present embodiment is an ultra compact-
sized high-capacity product, the thicknesses of the dielectric
layer 111 and the first and second internal electrodes 121 and
122 are made of a thin film compared to the conventional
product. As described above, in the case of a product to
which a thin film dielectric layer and an internal electrode
are applied, a problem of deterioration in reliability caused
by shrinkage in the thickness direction generated during the
firing process of the internal electrode is an important issue.

That is, since the conventional multilayer ceramic capaci-
tor has a relatively thicker thickness than the dielectric layer
and the internal electrode included in the multilayer ceramic
capacitor according to an exemplary embodiment of the
present disclosure, reliability deterioration according to the
thickness direction shrinkage that is generated in the firing
process of the internal electrode was not a big problem.

However, in a product to which a thin film dielectric layer
and an internal electrode are applied as an exemplary
embodiment of the present disclosure, it is necessary to
control of the interfacial bonding force between the internal
electrode and the dielectric layer to improve reliability.

In order to increase the interfacial bonding force between
the internal electrode and the dielectric layer, a method of
increasing the interfacial bonding area between the internal
electrode and the dielectric is required, and the roughness of
the internal electrode may be finely adjusted in order to
increase a bonding area.

However, when a roughness profile of the internal elec-
trode is excessively adjusted, a side effect reducing the
withstand voltage characteristics of the multilayer ceramic
capacitor may occur. Therefore, it is necessary to appropri-
ately adjust the roughness of the internal electrode to
improve the withstand voltage in addition to improving
moisture resistance reliability.

Therefore, it is necessary to appropriately adjust the
roughness of the internal electrodes in the product to which
the thin film dielectric layer and the internal electrodes are
applied, in which the dielectric layer 111 has a thickness of
0.4 um or less and the first and second internal electrodes
121 and 122 have a thickness of 0.41 um or less.

That is, in an exemplary embodiment of the present
disclosure, the ratio (ote/td) of the standard deviation of
thicknesses of the internal electrodes 121 and 122 to the
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thickness of the dielectric layer 111 is adjusted to satisfy
0.12=0te/td=<0.21. After firing, even in the case of the thin
film dielectric layer having the thickness of the dielectric
layer is 0.4 um or less and the thicknesses of the first and
second internal electrodes 121 and 122 are 0.41 um or less,
the moisture resistance reliability may be improved by
increasing the chip strength, and the multilayer ceramic
electronic component having excellent withstand voltage
characteristics may be realized.

However, the meaning of the thin film does not mean that
the thicknesses of the dielectric layer 111 and the first and
second internal electrodes 121 and 122 are 0.4 um and 0.41
um or less, respectively, and it may be understood as a
concept including a dielectric layer and an internal electrode
having a thickness thinner than that of the conventional
product.

Hereinafter, a method of manufacturing a multilayer
ceramic capacitor for implementing a feature portion of the
present disclosure will be described in more detail.

According to an exemplary embodiment of the present
disclosure, a method of manufacturing a multilayer ceramic
electronic component includes steps of: preparing a ceramic
green sheet containing ceramic powder; forming an internal
electrode pattern with a conductive paste containing con-
ductive metal particles and an additive on the ceramic green
sheet; stacking a ceramic green sheet on which the internal
electrode pattern is formed to form a ceramic laminate; and
firing the ceramic laminate to form a ceramic body including
a dielectric layer and an internal electrode. A ratio (ote/td) of
standard deviation of thicknesses of the internal electrodes
to the thickness of the dielectric layer satisfies 0.12<ote/
td=<0.21.

According to an exemplary embodiment of the present
disclosure, a plurality of ceramic green sheets may be
provided.

The ceramic green sheet may be prepared by mixing
ceramic powder, a binder, a solvent, and the like to prepare
a slurry, and the slurry may be prepared in a sheet form
having a thickness of several ums by a doctor blade method.
The ceramic green sheet may then be sintered to form one
dielectric layer 111 as illustrated in FIG. 2.

The thickness of the ceramic green sheet may be 0.6 pm
or less, and thus, the thickness of the diclectric layer after
firing may be 0.4 pm or less.

Next, a conductive paste for internal electrodes may be
applied on the ceramic green sheet to form an internal
electrode pattern. The internal electrode pattern may be
formed by a screen printing method or a gravure printing
method.

The conductive paste for the internal electrodes may
include a conductive metal and an additive, and the additive
may be any one or more of nonmetals and metal oxides.

The conductive metal may include nickel. The additive
may include barium titanate or strontium titanate as the
metal oxide.

The thickness of the internal electrode pattern may be 0.5
um or less, and thus, the thickness of the internal electrode
after firing may be 0.41 um or less.

Thereafter, the ceramic green sheets on which the internal
electrode pattern is formed may be stacked, pressed from a
lamination direction, and compressed. As a result, a ceramic
laminate on which internal electrode patterns are formed
may be prepared.

Next, the ceramic laminate may be cut and chipped for
each region corresponding to one capacitor.
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In this case, one end of the internal electrode pattern may
be cut to be alternately exposed through a side surface
thereof.

Thereafter, the chipped laminate may be fired to prepare
a ceramic body including a dielectric layer and an internal
electrode.

The firing process may be carried out in a reducing
atmosphere. In addition, the firing process may be carried
out by adjusting a temperature increase rate, but is not
limited thereto. The temperature increase rate may be 30°
C./60 s to 50° C./60 s at 700° C. or lower.

According to an exemplary embodiment of the present
disclosure, the ratio (ote/td) of the standard deviation of
thicknesses of the internal electrode to the thickness of the
dielectric layer is adjusted to satisfy 0.12=ote/td=<0.21, such
that moisture resistance reliability can be enhanced due to an
increase of chip strength and a multilayer ceramic electronic
component having excellent withstand voltage resistance
characteristics can be obtained.

Next, an external electrode may be formed to cover a side
surface of the ceramic body and to be electrically connected
to the internal electrode exposed to the side surface of the
ceramic body. Thereafter, a plating layer such as nickel, tin,
or the like may be formed on a surface of the external
electrode.

Hereinafter, the present disclosure will be described in
detail with reference to Examples and Comparative
Examples.

Multilayer ceramic capacitors according to Examples and
Comparative Examples were prepared according to the
following method.

Barium titanate powder, ethanol as an organic solvent,
and polyvinyl butyral as a binder were mixed, ball milled to
prepare a ceramic slurry, and a ceramic green sheet was
prepared using the same.

Conductive paste containing nickel was printed on the
ceramic green sheet to form internal electrodes, and a green
laminate formed by stacking the internal electrodes was
subjected to isostatic pressing at a pressure of 1,000 kgf/cm?
at 85° C.

After cutting the compressed green laminate to prepare a
green chip, and the green chip was subjected to a debinding
process for maintaining the cut green chip at 230° C. for 60
hours under an air atmosphere, the green chip was sintered
at 1000° C. to prepare a sintered chip. Sintering was carried
out under a reducing atmosphere to prevent oxidation of the
internal electrodes, and the reducing atmosphere was set to
107! to 107! atm, lower than Ni/NiO equilibrium oxygen
partial pressure.

A paste for external electrodes containing copper powder
and glass powder on an outside of the sintered chip was used
to form external electrodes, and a nickel plating layer and a
tin plating layer were formed on the external electrodes by
electroplating.

According to the above method, a multilayer ceramic
capacitor having a size of 0603 was prepared. The 0603 size
may be 0.6 um+0.1 pm and 0.3 um=0.1 pm in length and
width, respectively. The characteristics of the multilayer
ceramic capacitor were evaluated as follows.

Table 1 compared electrode connectivity according to the
average number of conductive metal particles in the thick-
ness direction of the internal electrode pattern and the
determination result thereof, according to an exemplary
embodiment of the present disclosure.
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TABLE 1
Ratio(ote/td)of standard Judge reliability
deviation of thickness of (The number of Withstand
internal electrodes to Chip defectives/ voltage
thickness of dielectric ~ Strength  The number of charac-
layer (ote/td) (%) samples) teristics
1* 0.09 70 4/400 c]
0.12 80 0/400 O
3 0.15 85 0/400 O
4 0.18 90 0/400 O
5 0.21 95 0/400 O
6* 0.24 100 0/400 X
[Evaluation]

X: Bad, O: Good, @: Very good
*Comparative Example

Referring to Table 1, Sample 1 is a case in which the ratio
(ote/td) of the standard deviation of thicknesses of the
internal electrodes 121 and 122 to the thickness of the
dielectric layer 111 is less than 0.12. According to Sample 1,
although the withstand voltage characteristics are excellent,
deterioration in moisture resistance reliability may be a
problem as chip strength is lowered.

Meanwhile, Sample 6 is a case in which the ratio (ote/td)
of the standard deviation of thicknesses of the internal
electrodes 121 and 122 to the thickness of the dielectric layer
111 exceeds 0.21. According to Sample 6, the chip strength
is high, so the moisture resistance reliability may not be a
problem, but the withstand voltage characteristics are dete-
riorated, so reliability may be a problem.

On the other hand, Samples 2 to 5 are cases in which a
numerical range of the present disclosure is satisfied, and the
ratio (ote/td) of the standard deviation of thicknesses of the
internal electrode to the thickness of the dielectric layer is
adjusted to satisfy 0.12=ote/td<0.21. Thus, moisture resis-
tance reliability may be improved by increasing the chip
strength and a multilayer ceramic electronic component
having excellent withstand voltage characteristic may be
realized.

As set forth above, according to an exemplary embodi-
ment of the present disclosure, by controlling the ratio
(ote/td) of the standard deviation of thicknesses of the
internal electrode to the thickness of the dielectric layer,
moisture resistance reliability is improved by increasing
chip strength, and the multilayer ceramic electronic compo-
nent having excellent withstand voltage characteristics may
be implemented.

While exemplary embodiments have been shown and
described above, it will be apparent to those skilled in the art
that modifications and variations could be made without
departing from the scope of the present invention as defined
by the appended claims.

What is claimed is:

1. A multilayer ceramic electronic component, compris-

ing:

a ceramic body including first and second internal elec-
trodes disposed to face each other and a dielectric layer
interposed therebetween,

wherein, when an average thickness of the dielectric layer
is denoted as ‘td,” an average thickness of the first and
second internal electrodes is denoted as ‘te,” and a
standard deviation of thicknesses of an internal elec-
trode, measured at a plurality of points in a predeter-
mined region of the internal electrode, is denoted as
‘ote,” a ratio of the standard deviation of thicknesses of
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the internal electrode to the average thickness of the
dielectric layer, which is denoted as ‘ote/td,” satisfies
0.12=0ote/td<0.21, and
wherein the average thickness of the first and second
internal electrodes is 0.41 um or less.
2. The multilayer ceramic electronic component of claim
1, wherein a thickness direction (T) is defined as a direction
in which the dielectric layer is interposed between the first
and second internal electrodes, and a length direction (L) is
a direction perpendicular to the thickness direction, and
wherein the td and the te are average thicknesses of the
dielectric layer and the first and second internal elec-
trodes, respectively, in a length-thickness (L.-T) direc-
tion cross-section cut in a central portion of the ceramic
body in a width direction (W), which is a direction
perpendicular to the thickness direction and the length
direction.
3. The multilayer ceramic electronic component of claim
1, wherein the average thickness of the dielectric layer is 0.4
pum or less.
4. The multilayer ceramic electronic component of claim
1, wherein a thickness direction (T) is defined as a direction
in which the dielectric layer is interposed between the first
and second internal electrodes, and a length direction (L) is
a direction perpendicular to the thickness direction, and
wherein the thicknesses for the ote are measured in at
least 10 points of the predetermined region of the
internal electrode, having a size of 20 pmx14 pm, in a
length-thickness direction (L-T) cross-section of the
ceramic body, and the at least 10 points have intervals
of 10 nm or less.
5. The multilayer ceramic electronic component of claim
1, further comprising external electrodes disposed on an
external surface of the ceramic body.
6. The multilayer ceramic electronic component of claim
5, wherein an average thickness of the external electrodes is
in a range of 10 pm to 50 pm.
7. A multilayer ceramic electronic component, compris-
ing:
a ceramic body including first and second internal elec-
trodes disposed to face each other and a dielectric layer
interposed therebetween,
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wherein, when an average thickness of the dielectric layer
is denoted as ‘td,” an average thickness of the first and
second internal electrodes is denoted as ‘te,” and a
standard deviation of thicknesses of an internal elec-
trode, measured at a plurality of points in a predeter-
mined region of the internal electrode, is denoted as
‘ote,” a ratio of the standard deviation of thicknesses of
the internal electrode to the average thickness of the
dielectric layer, which is denoted as ‘ote/td,” satisfies
0.12=0ote/td<0.21, and

wherein a thickness direction (T) is defined as a direction
in which the dielectric layer is interposed between the
first and second internal electrodes, and a length direc-
tion (L) is a direction perpendicular to the thickness
direction, and

wherein the thicknesses for the ote are measured in at
least 10 points of the predetermined region of the
internal electrode, having a size of 20 pmx14 pm, in a
length-thickness direction (L.-T) cross-section of the
ceramic body, and the at least 10 points have intervals
of 10 nm or less.

8. The multilayer ceramic electronic component of claim
7, wherein the ‘td’ and the ‘te’ are average thicknesses of the
dielectric layer and the first and second internal electrodes,
respectively, in a length-thickness (L.-T) direction cross-
section cut in a central portion of the ceramic body in a width
direction (W), which is a direction perpendicular to the
thickness direction and the length direction.

9. The multilayer ceramic electronic component of claim
7, wherein the average thickness of the dielectric layer is 0.4
um or less and the average thickness of the first and second
internal electrodes is 0.41 um or less.

10. The multilayer ceramic electronic component of claim
7, further comprising external electrodes disposed on an
external surface of the ceramic body.

11. The multilayer ceramic electronic component of claim
10, wherein an average thickness of the external electrodes
is in a range of 10 um to 50 pm.
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